We present the results of spectroscopic and photometric observations for three hot southernhemisphere post-AGB objects, Hen 3-1347 = IRAS 17074-1845, Hen 3-1428 = IRAS 17311-4924, and LSS 4634 = IRAS 18023-3409. In the spectrograms taken with the 1.9-m telescope of the South African Astronomical Observatory (SAAO) in 2012, we have measured the equivalent widths of the most prominent spectral lines. Comparison of the new data with those published previously points to a change in the spectra of Hen 3-1428 and LSS 4634 in the last 20 years. Based on ASAS data, we have detected rapid photometric variability in all three stars with an amplitude up to 0.3 mag, 0.4 mag in the V band. A similarity between the patterns of variability for the sample stars and other hot protoplanetary nebulae is pointed out. We present the results of U BV observations for Hen 3-1347, according to which the star undergoes rapid irregular brightness variations with maximum amplitudes ∆V =0.25 mag, ∆B=0.25 mag, and ∆U =0.30 mag and shows color-magnitude correlations. Based on archival data, we have traced the photometric history of the stars over more than 100 years. Hen 3-1347 and LSS 4634 have exhibited a significant fading on a long time scale. The revealed brightness and spectrum variations in the stars, along with evidence for their enhanced mass, may be indicative of their rapid post-AGB evolution.
INTRODUCTION
The post-asymptotic giant branch (post-AGB) phase of evolution of intermediate-mass stars (M ZAMS = 0.8 − 8M ⊙ ) is the transition period from the asymptotic giant branch (AGB) to planetary nebula nuclei.
Protoplanetary nebulae are stars of spectral types from late G to early B with extended atmospheres surrounded by dust envelopes formed through intense mass loss at previous evolutionary phases. The dust envelopes gradually dissipate, which is reflected in the visibility of the stars at optical wavelengths.
The studies of post-AGB stars were begun in the mid-1980s after the appearance of the IRAS survey. These objects were initially suspected and subsequently revealed among the supergiant stars with dust envelopes detected in this survey (Parthasarathy and Pottasch 1986 ; van der Veen et al. 1989 ; Hrivnak et al. 1989 ).
An important feature of post-AGB stars is their photometric variability. The type of variability depends on the star's effective temperature, i.e., on its position on the horizontal evolutionary track. In particular, F-G supergiants with infrared excesses exhibit semiregular brightness variations with time scales from 40 to 130 days caused by their pulsational instability (Hrivnak and Lu 2000; Kiss et al. 2007 ; Arkhipova et al. 2010 ; Hrivnak et al. 2010 ). Hotter stars, early B supergiants with infrared excesses, exhibit photometric variability without any distinct periodicity with amplitudes from 0 m .2 to 0 m .4 in the V band on time scales from one day to several days (Hrivnak and Lu 2000) and a color-magnitude relation that cannot be explained by temperature variations. An unstable stellar wind is considered as the main cause of the photometric variability in protoplanetary nebulae (Arkhipova et al. 2012 ). Studies of the photometric instability and radial velocity curves have revealed quite a few binary stars among the post-AGB objects (Van Winckel et al. 2009 . This paper is devoted to investigating three southern-hemisphere hot post-AGB stars for which there have been no data on their photometric behavior until the present time.
IRAS 17074-1845. The star was discovered by Henize (1976) as a result of his survey of southernhemisphere emission-line objects and was designated as Hen 3-1347. Subsequently, the object was identified with the infrared source IRAS 17074-1845 (Dong and Hu 1991) . Based on the similarity between the far-infrared colors of the star and those of planetary nebulae and taking into account its high Galactic latitude (b = +12.
• 26) and spectral type Be, classified the star as a hot post-AGB object.
IRAS 17311-4924. Henize (1976) discovered this object as an emission-line star and designated it as Hen 3-1428. Subsequently, data from the IRAS point source catalogue (Beichmann et al. 1985 ) revealed a far-infrared excess in the star. Based on these data, Parthasarathy and Pottasch (1989) established that the object is in the post-AGB phase of evolution.
IRAS 18023-3409. The star CD-34 12448 was included by Stephenson and Sanduleak (1971) in the luminous star catalogue as the object LSS 4634 of spectral type BO+. Based on their analysis of the data from the IRAS point source catalogue (Beichmann et al. 1985) , Preite-Martinez (1989) included IRAS 18023-3409 in the list of possible new planetary nebulae.
In this paper, we analyzed the ASAS photometric data for all three stars based on which we detected photometric variability that is also typical of other hot post-AGB stars. In addition, we carried out U BV observations for one of the objects, IRAS 17074-1845, that confirmed the photometric instability of the star.
An important task in investigating post-AGB stars is to reveal as many rapidly evolving objects as possible to refine their theoretical evolutionary tracks.
Theoretical calculations of the post-AGB evolution of intermediate-mass stars predict comparatively short transition times of the star from an AGB giant to a hot subdwarf and then to a white dwarf. Depending on the initial mass of the star, the mass of the remnant star, and the history of mass loss on the AGB, the HR-diagram crossing time is estimated to be from 100 to several thousand years (Blöcker 1995) . Evolutionary changes in a reasonable time can be noticed only in the most massive post-AGB objects.
Objects evolving "before our very eyes" have already been discovered among the hot post-AGB stars. These include, for example, SAO 244567 Arkhipova et al. 2013a ) and IRAS 18062+2410 (Arkhipova et al. 1999 ).
For our study, we selected post-AGB stars that, according to the estimates by Mello et al. (2012) , have masses exceeding the mean values for planetary nebula nuclei and that, consequently, can manifest themselves as rapidly evolving objects. For this purpose, we traced the photometric history of the stars over more than 100 years and analyzed the spectroscopic data over the last 20 years. Table 1 provides basic information about the objects, namely their designations, equatorial and Galactic coordinates, V magnitudes, and spectral types. All three stars have the spectra of B-type emission-line supergiants, lie at high Galactic latitudes, and are infrared (IR) sources. The double-humped spectral energy distribution for these objects is attributable to the radiation from the stars themselves and the surrounding cold dust envelopes composed of the material ejected on the AGB. The mass loss from the stars with a rate ofṀ ∼ 10 −6 − 10 −5 M ⊙ yr −1 also continues in the post-AGB phase (Gauba and Parthasarathy 2004 ).
The objects were included in the Toruń catalogue of post-AGB and related objects (Szczerba et al. 2007 ). IRAS 17074-1845 and IRAS 17311-4924 are contained in the spectroscopic atlas of Suárez et al. (2006) as transition sources from post-AGB stars to planetary nebulae. Previously, these objects were investigated together with other hot post-AGB stars. constructed the spectral energy distribution for them and estimated the dust temperature, the distances to the stars, the mass loss rates, and the dynamical ages from the tip of the AGB. Based on ultraviolet (UV) observations, determined the parameters of the stars and estimated their masses by comparing their data with theoretical evolutionary tracks from Schönberner (1983 Schönberner ( , 1987 
SPECTROSCOPIC OBSERVATIONS
Our spectroscopic observations of the program objects were carried out in May 2012 at the 1.9-m telescope of the South African Astronomical Observatory (SAAO) with a long-slit spectrograph at the Cassegrain focus. The slit was ∼ 3 ′ in length and 1.5 ′′ in width; the scale along the slit was 0.7 ′′ /pixel. The detector was an SITe 266×1798-pixel CCD array. A 300 lines/mm grism was used in the spectral range λ 3500-7200Å. The actual spectral resolution was FWHM = 4.5Å. Spectra of a Cu-Ar-filled lamp were taken to calibrate the wavelengths after each observation. Bias and flat-field images were also obtained for each night of observations to perform the standard reduction of two-dimensional spectra. The log of spectroscopic observations is given in Table 2 , where the object names, dates of observation, exposure times, and airmasses are listed. Figure 1 shows the spectra of the program objects normalized to the continuum in the range λ 3750-7500Å.
One of the objects, IRAS 17074-1845, was also observed with a 125-cm reflector at the Crimean Station of the Sternberg Astronomical Institute (Moscow State University) on May 22, 2012, using a spectrograph with a 600 lines mm −1 diffraction grating and a 4 ′′ slit. The detector was an ST-402 CCD array (the CCD size is 765×510 pixels, the pixel size is 9×9 µm). The spectral resolution (FWHM) was 7.4Å in the range λ 4000-7200Å. The spectra were processed using the standard CCDOPS code and the SPE code developed by S.G. Sergeev at the Crimean Astrophysical Observatory.
In addition, we used the spectroscopic data for IRAS 17074-1845 and IRAS 17311-4924 from the appendix to the "Spectroscopic atlas of post-AGB stars and planetary nebulae" by Suárez et al. (2006) provided in the VizieR electronic database (J/A+A/458/173). For IRAS 17074-1845, there is a record of the spectrum taken in the period March 13.17, 1994 , in the spectral range λ 3285-10 980Å and IRAS 17311-4924 was observed on March 10.13, 1993 , in the range λ 3321-11 015Å. The observations were carried out in Chile with a 1.5-m telescope at the La Silla Observatory of the European Southern Observatory (ESO) using the Boller-Chivens spectrograph. The formal resolution was 3.74Å per pixel, which is close to our formal resolution (∼ 2.3Å per pixel for the spectra taken at SAAO and in Crimea). The spectra are given in absolute units (erg cm −2 s −1Å−1 ). Based on the spectra that we took at SAAO and in Crimea and on the spectra from the atlas by Suárez et al. (2006) , we measured the line equivalent widths. For this purpose, the profile of each line was fitted by a Gaussian after the spectrum normalization. The equivalent width was assumed to be equal to the area of the derived Gaussian. The total error in the line equivalent width was calculated as a quadratic sum of the fitting error and the continuum placement error. The latter was obtained using the AMD algorithm (Kniazev et al. 2004 ), which gives an estimate of the continuum noise per one point of the spectrum. The total error of the continuum for each line was found in a wavelength interval equal to 2×line FWHM.
Hen 3-1347 = IRAS 17074-1845. In the low-resolution spectrograms from the appendix to the paper by Suárez et al. (2006) and those taken at SAAO and in Crimea, the emission spectrum of Table 3 . In the table, the equivalent widths of the emission and absorption lines are positive and negative, respectively.
As can be seen from Table 3 , the line equivalent widths in the spectrograms taken at different dates agree well between themselves. Thus, the stars's spectrum underwent no significant changes from 1994 to 2012. Let us also present the previously published results of spectroscopic observations for IRAS 17074-1845.
Parthasarathy et al. (2000) took a spectrum of the star in April 1994 using a spectrograph and a two-dimensional photon-counting detector in the range λ 3800-5000Å with a resolution of about 3.5Å. These authors estimated the spectral type of IRAS 17074-1845 as B3IIe and reported that the Hβ and Hγ were observed in emission. Based on the spectrum taken also in 1994, Suárez et al. (2006) determined the spectral type of the star as B3Ie.
On August 4, 2007, a spectrum of IRAS 17074-1845 was taken with a high resolution (R ∼45 000) (Carmona et al. 2010 ). These authors reported that the Hα, Hβ, Hγ, and Hδ were observed in emission, although Hα in the table to the paper is designated as a line with a P Cyg profile for which the equivalent widths of the emission (W λ = 12Å) and absorption (W λ =-0.8Å) components were measured. The He I λ 4009, 4121, 4713, 4922, 5016, 5876, and 6678Å lines are observed in absorption; there are no He II lines. The spectrum also features the N II λ 3995Å, Si II λ 4128 and 4131Å, C II λ 4267Å, Si III λ 4553, 4568, 4575Å absorption lines. The Mg II λ 4481Å absorption line is slightly stronger than He I λ 4471Å. By applying various criteria for spectral classification, the authors estimated the spectral type of the star as B5Ibe.
Mello et al. (2012) took a spectrum of IRAS 17074-1845 with a resolution R ∼48 000 on May 22, 2008 , in the range λ 3600-9200Å. In this spectrum, the Hγ, Hβ, and Hα lines have P Cyg profiles with a broad blueshifted absorption. Some of the He I lines exhibit emission components. There are forbidden Fe II lines. The authors modeled the spectrum and obtained the stellar parameters (T ef f = 15 300±600 K, log g = 2.05, ξ = 10 km s −1 ). Thus, the spectrum of IRAS 17074-1845 was observed in 1994, 2007, 2008, and 2012. Its spectra were taken at different telescopes and with different resolutions. High-resolution observations revealed P Cyg profiles for individual lines in the star's spectrum, suggesting the presence of a stellar wind. The equivalent widths of the Hα and Hβ lines measured in low-resolution spectra underwent no changes exceeding the observational errors. The differences in the estimates of the spectral type for the star from B3 to B5 can reflect both the real changes in the spectrum and the difference between the applied criteria for spectral classification. 2012), T ef f =20 500 ± 500 K and log g=2.35, agree well with the estimate of its spectral type B1Iae (Carmona et al. 2012 ).
In the spectrogram that we took on May 5, 2012, the Hα, Hβ, and Hγ lines are emission ones and Hδ is observed in absorption. Since the spectral resolution is insufficient, we cannot reveal any lines with P Cyg profiles. The spectrum exhibits both emission (λ 5016, 5876, 6678, 7065, 7281Å) and absorption We measured the equivalent widths of the strongest emission and absorption lines in the spectrum of IRAS 17311-4924 and provide them in Table 4 , along with the equivalent widths of the individual lines measured in the spectrum from the appendix to the paper by Suárez LSS 4634 = IRAS 1802-3409. IRAS 18023-3409 is the weakest and least studied star from our sample. In our spectrum taken on May 11, 2012, the signal-to-noise ratio is rather low (S/N∼25); there are very few prominent features in the spectrum. The Hα, [O I], Si II, He I λ 7065Å lines and the unidentified λ 7378Å line, which is also present in the spectra of IRAS 17074-1845 and IRAS 17311-4924 are observed in emission. Among the absorptions, there are the Ca II H and K, Hδ, Hγ, Hβ, He I λ 4921 and 6678Å as well as the interstellar and circumstellar Na I D line. The line equivalent widths that we were able to measure are given in Table 5 . 
PHOTOMETRIC OBSERVATIONS ASAS-3 Observations
All stars from our program fell within the field of view of the All Sky Automated Survey (ASAS) (Pojmanski 2002; http://www.astrouw.edu.pl/asas/). The observations in the ASAS-3 system have been carried out for more than 10 years at the Las Campanas (Chile) telescopes in an automatic mode in a photometric V band close to Johnson's standard V . The sample stars were observed in 2001-2009. Table 6 provides data on the ASAS observations, namely the mean < V >, the mean error of a single measurement, the maximum amplitude of brightness variations, and the time interval.
To analyze the data, we used the measurements made with aperture 1 (15 ′′ ) and marked in the ASAS database by symbol A (good quality). Figure 2 shows the light curves derived from ASAS data. The pattern of variability for all three stars is similar in both characteristic time scales of brightness variations and oscillation amplitudes. The stars exhibit rapid, from night to night, photometric variability with amplitudes up to 0 m .3-0 m .4. Our search for a periodicity did not lead to a positive result. Apart from rapid chaotic instability, IRAS 17311-4924 and IRAS 18023-3409 showed a change in the yearly mean brightness.
UBV Observations of IRAS 17074-1845
IRAS 17074-1845, the northernmost star in our program, is accessible to observations at the Crimean Station of the Sternberg Astronomical Institute (Moscow State University). During 2012-2013, we obtained 37 magnitude estimates for the star in the U BV bands. The measurements were made with a 60-cm Zeiss-1 telescope using a photoelectric U BV photometer designed by Lyuty (1971). The photometric system of the photometer is close to Johnson's one. We used the star HD 155648, whose U BV magnitudes (V = 8 m .57, B = 8 m .91, and U = 9 m .06) were taken from Wehinger and Hidajat (1973), as a photometric standard. As a rule, the measurement errors did not exceed σ = 0 m .01 in all three bands. Table 7 gives the U BV observations of IRAS 17074-1845 and Our U BV photometry points to rapid photometric variability of the star from night to night with maximum amplitudes ∆V = 0.25, ∆B = 0.25, and ∆U = 0.3.
The photometric instability is accompanied by a change in colors: as the star brightens, B − V may increase, while U − B definitely decreases. This is illustrated by the color-magnitude diagrams (Fig. 4) . We found such correlations for other hot post-AGB stars (see, e.g., Arkhipova et al. 2012) .
We can estimate the color excess from our U BV data. Taking Table 1 ) and the variability of the B − V color, the error of the derived circumstellar extinction can be significant.
Photometric History of the Program Stars
All three stars from our sample enter into historical catalogues: BD-18
• 4436=IRAS 17074-1845 is contained in the Bonner Durchmusterung (BD), while CD-49
• 11554=IRAS 17311-4924 and CD-34
• 12448=IRAS 18023-3409 are contained in the Cordoba Durchmusterung (CD), which allowed the photometric history of the stars to be traced over more than 100 years. However, the visual magnitudes from the BD and CD catalogues should be analyzed before they are compared with the present-day photometric data.
We selected stars contained in the CD or BD catalogues from a 1 • × 1 • neighborhood of each program object. Figure 5 m .41 ± 0.10, while the yearly mean magnitudes showed a systematic fading.
For clarity, Fig. 6 shows the light curve for IRAS 18023-3409 from archival data. The modified V magnitude from the CD catalogue, the data from Drilling et al. (1991) and Hog et al. (2000) , and the yearly mean V magnitudes of the star from the ASAS data are plotted in the figure.
DISCUSSION
According to the theory of stellar evolution, the duration of the post-AGB phase depends on the initial mass of the star, the history of its mass loss on the AGB, and the mass of the remnant star. Blöcker (1995) showed that for a certain set of these parameters, there exists a possibility of very rapid evolution of the star after the termination of large-scale mass loss on the AGB before the beginning of the planetary An additional argument for a high mass of IRAS 18023-3409 is the fact that the object exhibits an enhanced abundance of nitrogen and helium and is the only star from the sample of Mello et al. (2012) that satisfies the criteria for Peimbert's type I planetary nebulae, namely (He/H)>0.14 or log (N/O)>0 (Peimbert and Torres-Peimbert 1983) . Intermediate mass (3.5 M ⊙ < M ZAMS < 5.8M ⊙ ) stars are believed to be the progenitors of their nuclei.
What observational manifestations of the rapid evolution of a star in the post-AGB phase might be expected?
In the post-AGB phase, the optical brightness of the star will decrease systematically at a constant bolometric luminosity with increasing temperature starting from T ef f ∼ 5700 K. For sufficiently hot stars that can already begin to ionize their gaseous envelopes, the emission line intensities and the gas ionization fraction are expected to increase.
IRAS 17074-1845. The photometric observations of IRAS 17074-1845 showed that the star faded in the V band from the epoch of the BD catalogue to the present time by more than 1 mag, corresponding to an increase in the star's temperature by 7000-8000 K under the assumption of evolution at a constant bolometric luminosity. The rate of increase in temperature can then be estimated to be ∼50 K yr −1 and the star's temperature could rise by ∼1000 K in 20 years of its systematic spectroscopic observations. This value is too low to be detectable from the available spectroscopic data. The difference in the estimates of the spectral type for IRAS 17074-1845 from B3I to B5I apparently reflects the difference between the criteria for spectral classification. The emission line equivalent widths from 1994 to 2012 showed no changes exceeding the measurement errors.
IRAS 17311-4924. The archival photometric data revealed a slight, by no more than 0 m .5, fading of the star in the V band from the epoch of the CD catalogue to the present time.
The According to the published data, the spectral type of the star changed from B9I (Vijapurkar and Drilling 1993) to B2I (Parthasarathy et al. 2000) in 16 years from 1978 to 1994, suggesting a considerable, ∼10 000 K (!), increase in the star's temperature. However, the star's effective temperature T ef f = 19 400 K estimated from the spectrum taken 14 years later (Mello et al. 2012 ) corresponds to a spectral type B2-B3I and this estimate does not confirm the further expected rise in temperature. Unfortunately, the star's spectral type in 2012 cannot be estimated from our spectra.
If the change in spectral type from B9 to B2 is assumed to be real and related to evolution, then the corresponding change in V brightness must be equal to the difference of the bolometric corrections ∆V = BC(B9) − BC(B2) = 1 m .4. In reality, the brightness decline for IRAS 18023-3409 between the two epochs of spectroscopic observations did not exceed ∆V ∼ 0 m .5. The data are insufficient to investigate the behavior of the emission lines in the spectrum of IRAS 18023-3409 belonging to the gaseous envelope. Based on a qualitative description of the spectrum, we can only conclude that the Hβ line in the spectrum of IRAS 18023-3409 changes significantly with time: in the spectrogram taken in 1994 and published in Vijapurkar et al. (1998) , Hβ is an emission line, while it is an absorption one in our 2012 spectrum, although the emission spectrum of the envelope was expected to be enhanced with rising temperature of the star. Mello et al. (2012) point out that Hβ has a P Cyg profile. The variability of the Hβ emission line is most likely related to the wind activity of the star.
The source IRAS 18023-3409 showed the most significant changes in brightness and spectrum among the stars from our sample. The conclusion reached by Mello et al. (2012) about the star's high mass (M c = 0.82M ⊙ ) based on their comparison of the measured stellar parameters (T ef f and log g) with theoretical evolutionary tracks from Blöcker (1995) and the enhanced abundance of nitrogen and helium in the stellar atmosphere typical of the most massive planetary nebula nuclei allows the revealed brightness changes in IRAS 18023-3409 to be associated with the stars rapid evolution in the post-AGB phase.
CONCLUSIONS
We obtained spectroscopy for three southern-hemisphere hot post-AGB objects. We compared the new spectroscopic data with those published previously. We analyzed the new photoelectric observations of IRAS 17074-1845 and the archival photometric data for all three sample stars.
The main conclusions of our study as as follows. Our hypothesis about rapid evolution of the objects presented here is based on the detected brightness variations in the stars. The secular fading in the V band is consistent with an increase in temperature at a constant luminosity in the post-AGB phase of evolution. However, the spectrum variations can be associated both with the evolutionary change in stellar temperature and with the stellar wind instability. Therefore, spectroscopic observations on a time scale longer than 20 years are needed to reach a more definitive conclusion about the possible rapid evolution.
